. Another tussis (the etiological agent of the whooping cough), CaM binding motif is the so-called "IQ motif," correshares significant adenylyl cyclase homology and responding to an IQxxxRGxxxR consensus sequence, quires the same eukaryotic activator, providing an exwhich is known to appear in tandem repeats and to ample of convergent evolution of this system. Secondbind multiple CaM molecules in a predominantly Ca 2ϩ -ary consequences of sequestering CaM would also be independent manner. By means of biochemical characchanges in calcium signaling processes. Ca 2ϩ mobilizaterization, it appears that these canonical recognition tion plays a central role in the host cell immune response motifs are used by many CaM-dependent proteins, such and results in the activation of many intracellular enas calcineurin, NO synthases,
Anthrax Adenylyl Cyclase Is a CalmodulinDependent Enzyme Highly regulated changes in the concentration of cytoBacillus anthracis, a spore-forming bacterium, is the solic calcium ions control biological processes as dicausative agent of anthrax. Virulent strains secrete two verse as muscle contraction, fertilization, cell proliferatoxins composed of three proteins: the protective antition, vesicular fusion, and apoptosis. Many of these gen (PA), lethal factor (LF), and edema factor (EF). PA cellular effects are modulated by the small Ca 2ϩ binding is the common binding moiety that upon proteolytic protein, calmodulin (CaM). While we know that CaM activation forms a heptameric complex and binds to LF interacts with a large number of proteins (the magnitude and EF, the intracellular enzymes that then damage the of which makes for an impressive list), even more intercells. EF is an adenylyl cyclase and catalyzes the converesting is the physiological diversity of these binding sion of ATP to cAMP. Although the extent of this effect partners and the recent progress made in establishing varies according to cell type, cellular cAMP levels may how varied CaM's molecular recognition and substrate reach a 1000-fold increase (representing 20%-50% conactivation processes are.
version of cell's ATP stores), causing fluid loss in the Among these numerous target proteins, CaM-depenaffected tissues. Local diffusion of the anthrax adenylyl dent serine/threonine kinases are the substrate family cyclase compromises the host immune response and best characterized with respect to their structural and enhances the virulence of the bacteria. functional CaM interaction mechanisms. Previous stud-
The most fascinating property of this enzyme is that ies on CaM kinase II, CaM kinase kinase, and myosin it requires CaM for its activation. Table 1 ). Tang and coworkers has been previously shown that CaM can still activate EF in the presence of the Ca 2ϩ chelator EGTA, albeit beautifully showed that this process involves rearrangement of key switches to create the active site from with significantly reduced (three orders of magnitude) efficiency (Leppla, 1984). In the reported structure, CaM an area that is totally solvent exposed in the CaM-free state (hence our moniker, active-site remodeling). Mambinds only two Ca 2ϩ ions at the C-terminal "high-affinity" lobe. This prompts speculation regarding the calcium malian adenylyl cyclases constitute a membrane protein family, each member sharing the common features of an dependency in EF binding and activation by CaM. Does EF take advantage of the onset of Ca 2ϩ elevation in the ␣-helical transmembrane region followed by two highly similar cytoplasmic domains that compose to catalytic cell to become activated ahead of host enzymes, which (Kö hler et al., 1996) . The activation of SK channels causes membrane hyperpolarization that raises the threshold for further neuron firing and thereby regulates the frequency of action potentials. The afterhyperpolarization generated by these channels is maximal following an action potential and decays with a half-life on the order of hundreds of milliseconds. Hence, this reasonably rapid gating necessitates having a Ca 2ϩ sensor close to the pore to quickly transduce fluctuations in ion concentration.
Correspondingly, a unique feature of SK channel ␣-subunits is constitutive association with CaM. This interaction is maintained both in the presence or ab- -sensitive widely accessible, the entire complement of protein CaM association occurs via a standard IQ motif in the structure-function relationships will continue to be elucipore-forming ␣ 1 subunit of the channel. However, addidated and take shape. tional structural elements are required, and CaM func-
